gestation and had an EFW within 7 days of delivery. Mean percentage difference and median absolute percentage difference between EFW and BW were calculated. Results Our cohort included 226 neonates with a mean gestational age of 24 1/7 AE 0.8 weeks and median BW of 653 g (interquartile range [IQR] : 580-750 g).
The median absolute percentage difference between EFW and BW of fetal weight estimates was 9.2% (IQR: 3.6-17.2). EFW overestimated BW for 75% (n ¼ 171) of the cohort. Among SGA infants, the mean percentage difference in EFW and BW was 16.2 AE 19.4% versus 6.9% AE 13.1% in AGA infants (p ¼ 0.019).
Conclusion EFW overestimated BW in this cohort. In addition, ultrasound was less accurate among infants born SGA. These data are important to consider when counseling families facing periviable delivery.
in appropriate for gestational age (AGA) grown fetuses.
6,7
Only two published studies have examined infants born during the periviable period. These demonstrated comparable accuracy with median absolute percentage errors ranging from 8.8 to 9.4%. These studies, however, had small sample sizes, with 134 infants included in the largest study. 8, 9 Furthermore, there were discrepant findings regarding the relationship between the accuracy of EFW and BW in extremely preterm neonates. Of the two studies comparing EFW to BW in this population, one found no clinically significant relationship between the accuracy of EFW and BW, while the other found that the accuracy of EFW was significantly less among small for gestational age (SGA) infants.
8,9
The purpose of our investigation was to evaluate the accuracy of EFW obtained by ultrasound to predict BW by determining both the percentage difference between EFW and BW, and the absolute difference between EFW and BW among infants born during the periviable period. Furthermore, we sought to determine if percentage difference varied between SGA and AGA grown neonates and among infants with a BW less than 500 g.
Materials and Methods
Our study population included all nonanomalous live-born infants born between 23 0/7 and 25 6/7 weeks' gestation at Magee-Womens Hospital in Pittsburgh, Pennsylvania from January 2005 to January 2014. Data on maternal, fetal, and neonatal outcomes were obtained from the Magee Obstetric Medical and Infant (MOMI) Database. Ultrasound EFW and pre-pregnancy body mass index (BMI) were abstracted directly from the medical record, as these variables are not included in the MOMI database. SGA was defined as a BW less than the 10th percentile based on Alexander BW curves.
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This study was approved by the University of Pittsburgh's Institutional Review Board. Registered diagnostic medical sonographers performed all sonographic examinations and a faculty member of the Division of Maternal-Fetal Medicine at Magee-Womens Hospital reviewed all ultrasounds. The ultrasounds were performed in the outpatient diagnostic center using Phillips ATL HDI 4000 or Phillips HDI 5000 machines within 7 days of delivery. EFW was calculated using the Hadlock-3 formula (log 10 weight ¼ 1.3596 À 0.00386 AC Â FL þ 0.0064 HC þ 0.00061 BPD Â AC þ 0.0424 AC þ 0.174 FL) incorporating the fetal head circumference, biparietal diameter, femur length, and abdominal circumference. The accuracy of fetal weight estimation was defined as the mean percentage difference between fetal weight estimates and BW using the formula (EFW À BW)/BW Â 100%. With this formula, a negative mean percentage difference indicates that EFW on average underestimated the actual BW, whereas positive values indicate overestimation. We also calculated the median absolute percentage difference between EFW and BW using the formula: |(EFW À BW)/BW Â 100|. The absolute percentage difference gives a better sense of the central tendency of the error of fetal weight estimates as the distribution does not cross zero given that this is an absolute value. Excess error in fetal weight estimates was defined as an absolute percentage difference between EFW and BW that was ! 20%, as it was felt that smaller differences would be less likely to affect clinical decision making and this value has been used in comparative studies.
8
Descriptive statistics were used to characterize the cohort. The distribution of the accuracy of fetal weight estimates (difference in EFW and BW) and the absolute difference in EFW and BW were determined with skewness/kurtosis tests and Q-Q plots. The absolute difference in fetal weight estimates and BW was not normally distributed and thus medians and interquartile ranges (IQRs) are presented and Kruskal-Wallis' test was used for analysis. The accuracy of fetal weight estimates was normally distributed without transformation. The association between the accuracy of EFW and BW was evaluated with univariate and multivariate linear regressions. Maternal pre-pregnancy BMI was included in the model given its strong a priori plausibility to affect the accuracy of ultrasound-derived fetal weight estimates. Interval from ultrasound to delivery was additionally included in the model given its significance in the univariate analysis. Categorical variables were compared with chi-squared. All statistical analyses were performed with STATA software (version 13.0).
Results
A total of 226 neonates delivered to 222 women during the study period. The clinical and demographic characteristics of the cohort are summarized in ►Table 1. Approximately 20% of the cohort was of advanced maternal age (! 35 years) and 43% was obese (BMI ! 30 kg/m 2 ). The median interval from ultrasound to delivery was 2 days (IQR: 1-4 days). Eleven percent (n ¼ 25) of neonates were classified as SGA and 10% (n ¼ 23) had a BW less than 500 g. Preterm labor with progressive preterm delivery accounted for 74% of deliveries, while iatrogenic deliveries for preeclampsia with severe features accounted for the remainder of the preterm births.
The mean percentage difference of fetal weight estimates was 8.0 AE 14.2% (►Fig. 1). The median absolute percentage We next sought to examine the relationship between the accuracy of EFW and BW. There was a statistically significant inverse relationship between the accuracy of EFW and BW such that ultrasound estimates of fetal weight were less accurate as BW decreased (►Fig. 2). This remained significant when controlling for interval between ultrasound and delivery as well as maternal pre-pregnancy BMI. Importantly, the systematic overestimation of fetal weight estimates is illustrated in ►Fig. 2 as the majority of the values are above zero.
In our final analysis, we evaluated both the absolute difference in EFW and BW as well as the mean accuracy of fetal weight estimates among SGA infants and infants born less than 500 g. The median absolute difference between fetal weight estimates and BW among SGA infants was more than AGA grown infants with a median absolute difference of 12.3% (IQR: 7.0-24.8) compared with 8.6% (IQR: 3.5-16.2). This result did not reach statistical significance (p ¼ 0.062). Among infants born less than 500 g, the median absolute percentage difference was significantly greater than those more than 500 g at delivery-15.2% (IQR: 7.0-27.2) versus 8.6% (IQR: 3.4-16.7%) (p ¼ 0.021). As discussed previously, the absolute value of the difference in EFW and BW does not depict the directionality of the error in ultrasound, and thus we explored the mean accuracy of fetal weight estimates among SGA infants and infants born less than 500 g. Among SGA infants, the mean percentage difference in EFW and BW was 16.2 AE 19.4% versus 6.9 AE 13.1% in AGA infants (p ¼ 0.019). Infants born less than 500 g also had a greater mean percentage difference in EFW and BW-18.2 AE 19.3% versus 6.7 AE 13.0% (p ¼ 0.003).
Finally, we sought to determine if infants born SGA or less than 500 g were more likely to have excess error in fetal weight estimates than normally grown infants or those born more than 500 g. Approximately one-third (32%) of infants born SGA had excess error in fetal weight estimates compared with 16.9% of AGA grown infants (p ¼ 0.067). Infants with a BW less than 500 g had excess error in fetal weight estimates in 39% of sonograms compared with 16.2% of infants who weighed more than 500 g (p ¼ 0.008).
Comment
The purpose of our investigation was to evaluate the accuracy of EFW to predict BW in periviable infants. We additionally hoped to determine if this difference varied among SGA neonates and those with a BW less than 500 g, as this cohort has the highest risk for poor outcomes. An overestimation of BW in this group of neonates could mislead providers about their prognosis, thus providing families with inaccurate information. In fact, we found that ultrasound overestimated BW in more than 75% of our periviable neonates. The ultrasound-derived estimates of fetal weight were consistently less accurate as BW decreased. This was particularly true in SGA neonates, as almost one-third (32%) had excessive ultrasound error in the prediction of their BW. This became statistically significant in neonates less than 500 g.
Our study adds to the limited body of literature investigating the accuracy of EFW to predict BW in periviable neonates, particularly infants born SGA or at the extremes of viable weights. Our finding of an absolute percentage difference of 9.2% between EFW and BW is consistent with other studies investigating the accuracy of EFW to predict BW in low BW neonates and periviable neonates.
8,9,11 To Fig. 1 Accuracy of fetal weight estimates to predict birth weight among infants born during the periviable period. Accuracy is defined as the mean percentage difference between fetal weight estimates and birth weight using the formula (EFW À birth weight)/birth weight Â 100%. With this formula, a negative mean percentage difference indicates that EFW on average underestimated the actual birth weight, whereas positive values indicate overestimation. EFW, estimated fetal weight. we also demonstrated that fetal weight estimates are less accurate among SGA neonates and infants born at the extremes of viable neonatal weights. Our study has several strengths. The sample size of our cohort is larger than any other study to date with close to twice the number of infants as prior investigations. In addition, our cohort is a contemporary population with ultrasound images obtained by highly trained individuals with standardized protocols for image acquisition and a short ultrasound-to-delivery interval. Our study, however, also has important limitations. Though our cohort is the largest to date, the sample size remains relatively smallparticularly within the SGA cohort-perhaps limiting the ability to extrapolate our data to different populations, and accounts for the wide confidence intervals within this analysis. In addition, our sample is heterogenous with the inclusion of two twin gestations. However, we felt that including these neonates in the analysis is acceptable, as recent studies have shown that twin growth does not meaningfully differ from singleton growth until 32 weeks' gestation. 12 All cases included in the population had sonographic assessment of fetal growth within 7 days of delivery. This decision was based on prior studies that concluded that wide ultrasound-to-delivery intervals introduces bias to estimates of measurement error. 7 This inclusion criteria, however, could introduce bias as both precipitous periviable deliveries as well as women with prolonged latency from ultrasound to delivery were not included in the cohort. We do not suspect that this would lead to a systematic bias, as these women were similar in baseline characteristics and indication for preterm delivery compared with subjects included in the study. Finally, we used the Hadlock-3 formula for calculation of fetal weight-which is not universally employed in all centers. This may result in differences in the accuracy of EFW. However, studies evaluating specific formulae for low BW neonates have not shown any formula to be more accurate in this particular population. 13 We therefore selected the formula most commonly used in clinical practice to allow a pragmatic comparison.
In conclusion, our analysis adds additional evidence to a growing body of literature that suggests EFW is a reasonable proxy for BW among most periviable infants. It highlights, however, the limitations of ultrasound to estimate BW among SGA infants or infants less than 500 g. Thus, clinicians should use caution when SGA is diagnosed by ultrasound in periviable fetuses, as these assessments likely underestimate the true extent of the poor fetal growth. In addition, thought should be given to using a new or different formula for infants predicted to be less than 500 g. Given that these infants are at highest risk for poor neonatal outcomes, it is important to acknowledge the limitations of our antenatal tools to predict BW within this population.
